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Description

[0001] The present invention relates to a novel acid anhydride obtained from a bifunctional phenylene ether oligomer
having a specific structure as a raw material, and a polyimide using the above acid anhydride. The acid anhydride of
the present invention can be used as a raw material for polyamic acid, a raw material for polyimide, an epoxy resin curing
agent, etc., and is useful as a polymer material excellent in heat resistance, low dielectric characteristics and low moisture
absorptivity. Polymer materials obtained from the acid anhydride of the present invention as a raw material are useful
for wide applications such as an electrical insulating material, a molding material, a resin for a copper-clad laminate, a
resin for a resist, a sealing resin for electronic parts, a resin for a color filter of liquid crystal, a coating composition,
various coating agents, an adhesive, a buildup laminate material, a resin for a flexible substrate and a functional film.
[0002] Conventionally, acid anhydrides are widely used as a raw material for functional polymer materials such as a
polyamic acid, polyimide and a thermosetting epoxy resin. With a recent increase in required performance in these
application fields, physical properties required as a functional polymer material become severer increasingly. As such
physical properties, for example, there are required heat resistance, weather resistance, chemical resistance, low mois-
ture absorptivity, high fracture toughness, low dielectric constant, low dielectric loss tangent, moldability, transparency
and flexibility. In a printed circuit board material field, for example, a substrate material having low dielectric characteristics
is desired from a signal fade problem attendant upon highfrequency of a signal. In a flexible substrate field, a material
having lower dielectric characteristics than those of a conventional polyimide and a material excellent in processability
are required. A novel acid anhydride and a polyimide obtained from the above acid anhydride have been developed (for
example, JP-A-11-116675).
[0003] On the other hand, similar anhydrides have been also studied for the purpose of improving the processability
of polyether imide (JP-B-4-69651). Anhydrides using a polyphenylene ether oligomer are used in these prior technical
documents, while these documents do not disclose the compound of the present invention.
[0004] It is an object of the present invention to provide a novel acid anhydride which is used as a raw material for
obtaining a polymer material having high heat resistance, low dielectric constant, low dielectric loss tangent and low
moisture absorptivity, and a polyimide using the above acid anhydride.
[0005] The present invention 1 provides an acid anhydride of the formula (4),

wherein:

- the anhydride moieties are each attached to the rest of the molecule at the 3- or 4- position;
- -O-X-O- represents a moiety of the formula (2),

in which R1, R2, R3, R7 and R8 are the same or different and represent a halogen atom, a C1-C6 alkyl group or a
phenyl group and R4, R5 and R6 are the same or different and represent a hydrogen atom, a halogen atom, a C1-C6
alkyl group or a phenyl group;

- -[Y-O]- is a moiety of the formula (3) or a random arrangement of at least two moieties of the formula (3),
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in which R9 and R10 are the same or different and represent a halogen atom, a C1-C6 alkyl group or a phenyl group
and R11 and R12 are the same or different and represent a hydrogen atom, a halogen atom, a C1-C6 alkyl group or
a phenyl group; and

- a and b are the same or different and each represent an integer of 0 to 30, provided that at least one of a and b is not 0,

the acid anhydride having a number average molecular weight of from 790 to 3 3 00.
Typically, said acid anhydride is obtained from, as a raw material, a bifunctional phenylene ether oligomer having a
specific structure represented by the formula (1),

wherein -O-X-O-, -[Y-O]-, a and b are as defined in the formula [4].
[0006] The present invention 2 provides an acid anhydride of the formula (11),

wherein:

- -(O-X-O)- represents a moiety of the formula (2) or a moiety of the formula (10)
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 wherein R1 to R8 are as defined in the formula (4) and R13, R14, R19 and R20 are the same or different and each
represent a halogen atom, a C1-C6 alkyl group or a phenyl group, R15, R16, R17 and R18 are the same or different
and each represent a hydrogen atom, a halogen atom, a C1-C6 alkyl group or a phenyl group and A is a linear,
branched or cyclic C1-C-20 hydrocarbon group;

- -(Y-O)- is a moiety of the formula (3) or a random arrangement of at least two moieties of the formula (3),

wherein R9 to R12 are as defined in any one of claims 1 to 3;
- Z is an organic group having at least one carbon atom which organic group may contain an oxygen atom, a nitrogen

atom, a sulfur atom or a halogen atom
- a and b are the same or different and are as defined in the formula (4);
- c and d are the same or different and each represent 0 or 1; and
- n is an integer of 0 to 10,

the acid anhydride having a number average molecular weight of from 800 to 6600.
Typically said acid anhydride is obtained from, as a raw material, a bifunctional phenylene ether oligomer having a
number average molecular weight of 500 to 3,000, represented by the formula (9),

wherein -(O-X-O)-, -(Y-O)-, Z, a, b, c and d are as defined in the formula (11).
[0007] The present invention also provides a polyimide obtainable by reacting (a) an acid anhydride according to the
invention or a mixture of bifunctional acid anhydrides which contains at least one acid anhydride according to the invention
with (b) a diamine or a diisocyanate.
[0008] Typically said mixture comprises a bifunctional acid anhydride other than the acid anhydrides of the formulae
(4) and (11).
[0009] More typically said bifunctional acid anhydride other than the acid anhydrides of the formulae (4) and (11) is a
pyromellitic anhydride derivative or a cyclohexanetetracarboxylic anhydride derivative.

Brief Description of Drawings

[0010] Fig. 1 shows the IR spectrum of a resin B in Example 1.

Fig.2 shows the IR spectrum of a resin C in Example 1.
Fig.3 shows the lk spectrum of an acid anhydride D in Example 1.
Fix. 4 shows the 1H-NMR spectrum of a resin B in Example 1.
Fig. 5 shows the 1H-NMR spectrum of a resin C in Example 1.
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Fig.6 shows the 1H-NMR spectrum of an acid anhydride D in Example 1.
Fig.7 shows the IR spectrum of an acid anhydride H in Example 2.
Fig.8 shows the IR spectrum of an acid anhydride I in Example 3.
Fig.9 shows the IR spectrum of an acid anhydride J in Example 4.
Fig.10 shows the IR spectrum of an acid anhydride K in Example 5.
Fig. 11 shows the 1H=NMR spectrum of an acid anhydride H in Example 2.
Figs.2 shows the 1H-NMR spectrum of an acid anhydride I in Example 3
Fig. 13 shows the 1H=NMR Spectrum of an acid anhydride J in Example 4.
Fig. 14 shows the 1H-NMR spectrum of an acid anhydride K in Example 5.
Fig. 15 shows the IR spectrum of an acid anhydride L in Example 6.
Fix. 16 shows the 1H-NMR spectrum of an acid anhydride L in Example 6.
Fig.17 shows the IR spectrum of a polyimide O in Example 9.
Fig.18 shows the IR spectrum of a polyimide P in Example 10.

[0011] The present inventors have developed a bifunctional phenylene ether oligomer having the excellent dielectric
characteristics and heat resistance of a polyphenylene ether structure and having a specific structure and various
derivatives using the above oligomer. As a result of further diligent studies, the present inventors have found that a
terminal acid anhydride can be derived from the bifunctional phenylene ether oligomer. On the basis of the above finding,
the present inventors have completed the present invention.
[0012] Typically, in the acid anhydride (4), -O-X-O- is a moiety of the formula (5) and -[Y-O]- is a moiety of the formula
(6) or the formula (7) or a random arrangement of at least two moieties of the formula (6) and the formula (7).

Typically, at least one -[Y-O]- is a moiety of the formula (7). Typically each -[Y-O]- is a moeity of the formula 7. Preferably
the acid anhydride of the formula (4) has the formula (8)
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 wherein -[Y-O]-, -O-X-O-, a and b are as defined in the formula (4). Typically, R1, R2, R3, R7, R8, R9 and R10 represent
an alkyl group having 3 or less carbon atoms and R4, R5, R6, R11 and R12 represent a hydrogen atom or an alkyl group
having 3 or less carbon atoms.
[0013] When the molecular weight of the acid anhydride of the formula (4) is too small, electric characteristics, which
the phenylene ether structure has, can not be obtained. When the molecular weight is too large, the reactivity of a
terminal functional group de-creases. For these reasons, the compound of the formula (1) preferably has a number
average molecular weight of 500 to 3,000.
[0014] The process for the production of the bifunctional phenylene ether oligomer of the formula (1) is not specially
limited and it can be produced by any process. For example, the bifunctional phenylene ether oligomer of the formula
(1) can be produced by oxidative coupling of a bifunctional phenol compound and a monofunctional phenol compound
in the presence of copper and an amine according to a method disclosed by JP-A-2003-12796, JP-A-2003-212990,
Japanese patent application No. 2002-279389 or Japanese patent application No. 2002-018508.
[0015] The process for producing the acid anhydride represented by the above formula (4) is not specially limited and
it may be produced by any process. For example, it can be produced by reacting the compound represented by the
formula (1) and 4-nitrophthalimide represented by the formula (13) and then carrying out the steps of hydrolysis and
dehydration. When a phthalimide nitrated at site 3 is used as a raw material, it can be substituted at site 3. These
processes can utilize a conventional process and, for example, processes disclosed in JP-A-50-24242, J.Polym.Sci.Pol-
ym.Chem.Ed.23, 1759-1769(1985), etc., can be used.

[0016] The acid anhydride of the present invention 1, obtained as described above, can be suitably used as a raw
material for polyamic acid or polyimide (polyether imide) or as a curing agent for an epoxy resin. In the moieties of
formulae (2) and (10), R1, R2, R3, R7, R8, R13, R14, R19 and R20 preferably represent an alkyl group having 3 or less
carbon atoms, R4, R5, R6, R15, R16, R17 and R18 preferably represent a hydrogen atom or an alkyl group having 3 or
less carbon atoms, R9 and R10 preferably represent an alkyl group having 3 or less carbon atoms, and R11 and R12
preferably represent a hydrogen atom or an alkyl group having 3 or less carbon atoms.
[0017] Typically in the acid anhydride of formula (11), -(O-X-O)- is a moiety of the formula (5) or the formula (12) and
-(Y-O)- is as defined above,
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wherein R11 and R14 represent a hydrogen atom or a methyl group and A is a linear, branched or cyclic C1-C20 hydro-
carbon.
[0018] When the molecular weight of the acid anhydride of the formula (11) is too small, electric characteristics which
the phenylene ether structure has can not be obtained. When it is too large, the reactivity of a terminal functional group
decreases. For these reasons, the compound of the formula (9) preferably has a number average molecular weight of
500 to 3,000.
[0019] The process for producing the bifunctional phenylene ether oligomer represented by the formula (9) is not
specially limited and it can be produced by any process. For example, it can be produced by oxidatively coupling a
bifunctional phenol compound and a monofunctional phenol compound in the presence of copper and an amine according
to a method disclosed in JP-A-2003-12796, Japanese patent application No. 2002-279389 or Japanese patent application
No. 2002-018508, to produce a compound of the formula (1), and optionally introducing -(Z-O)- as required.
[0020] Examples of the -(Z-O-)- moiety in the formula (11) include -[(CH2)i-O]j-,- [(CH2)-CHR21)i-O]j- or -[(CH2-Ar)i-O]j-
wherein i is from 1 to 8, j is from 1 to 6, each R21 is the same or different and represents hydrogen, methyl or ethyl and
Ar represents a C6-C10 aryl group. It is not limited to these examples. A method of addition is typically a method in which
-(Z-O-)- is directly added to an intermediate represented by the formula (1) or a method in which a halide is used, while
it is not specially limited to these methods.
[0021] A case of introducing, for example, -(CH2)iO- or -(CH2CHR21O)j- as -(Z-O-)- will be explained. -(CH2)iO- is
introduced by reacting the compound of the formula (1) with a halogenated alcohol of the formula (14) in a proper solvent
such as alcohol, ether or ketone in the presence of an alkali catalyst such as KOH, K2CO3 or NaOEt. -(CH2CHR21O)j-
is introduced by reacting the compound of the formula (1) with an alkylene oxide of the formula (15) in a benzene type
solvent such as benzene, toluene or xylene in the presence of an alkali catalyst such as KOH, NaOEt or triethylamine
according to, for example, a method disclosed in JP-B-52-4547.

E
CH2)-iOH (14)

wherein E represents Cl or Br, and i is an integer of 2 or more.

wherein R21 represents a hydrogen atom, a methyl group or an ethyl group.
[0022] The process for producing the acid anhydride represented by the formula (11) is not specially limited and it can
be produced by any process. For example, it can be obtained by reacting the compound of the formula (9) and trimellitic
anhydride chloride in the presence of a base such as pyridine or triethylamine. As a solvent, there may be used a solvent
unreactive with acid anhydride or acid chloride, such as toluene, xylene, dichloromethane or chloroform. The reaction
is preferably carried out under an atmosphere of an inert gas such as nitrogen or argon for preventing any deactivation
of acid anhydride or acid chloride.
[0023] Further, the acid anhydride of the present invention can be obtained by reacting the compound of the formula
(9) with trimellitic anhydride in the presence of a condensing agent. The condensing agent includes known esterification
agents such as sulfuric acid. As a solvent, there may be used a solvent unreactive with acid anhydride, such as toluene
or xylene. The reaction is preferably carried out under an atmosphere of an inert gas such as nitrogen or argon for
preventing any deactivation of acid anhydride.
[0024] The acid anhydride of the present invention 2, obtained as above, can be suitably used as a raw material for
polyamic acid or polyimide or as a curing agent for an epoxy resin.
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[0025] Then, the polyimide of the present invention will be explained based on the present invention 2. The polyimide
of the present invention can be produced through a polyamic acid by reacting the acid anhydride of the formula (11)
with a diamine. Further, the polyimide of the present invention can be directly produced by reacting the acid anhydride
of the formula (11) with a diisocyanate. These production processes are generally known and disclosed in "Jikken Kagaku
Koza (Courses in Experimental Chemistry), 4th Ed., Vol.28, Koubunshi Gosei (Polymer Synthesis)", edited by The
Chemical Society of Japan and published by Maruzen, pp312-313 and pp319-320, etc.
[0026] For producing the polyimide of the present invention the acid anhydride represented by the formula (11) is used
alone or a mixture of at least two acid anhydrides represented by the formula (11) is used. Further, it is preferable to
use a different bifunctional acid anhydride other than the acid anhydride of the formula (11) in combination with the acid
anhydride of the formula (11). Particularly, when the acid anhydride of the formula (11) is used in combination with a
bifunctional acid anhydride represented by the formula (16) or the formula (17), an improvement in heat resistance is
found. For this reason, when the polyimide of the present invention is used for an application in which heat resistance
is required, it is more preferable to use these bifunctional acid anhydrides in combination with the acid anhydride of the
formula (11). Further, it is possible to add a small amount of a trifunctional acid anhydride as a crosslinking agent.

(in the formulae 16 and 17, R22 and R23 each represent hydrogen, an alkyl group having 1 to 6 carbon atoms, trifluor-
omethyl, a hydroxyl group or a halogen, and i is an integer of 1 to 4.)
[0027] The diamine to be reacted with the acid anhydride of the present invention is not specially limited so long as it
is a divalent amine. The diamine is preferably diamines represented by the formula (18) to the formula (23). In the
formulas (18) to (23), R24 to R37 each represent hydrogen, an alkyl group having 1 to 6 carbon atoms, trifluoromethyl,
a hydroxyl group or a halogen, each of i, j, k and l is independently an integer of 1 to 3, and Q is methylene, ethylene,
ethylidene, trimethylene; propylene, propylidene, butylidene, hexafluoroisopropylidene, oxygen, ketone, sulfur, sulfoxide
or sulfone. The site of substitution of propylidene or butylidene may be arbitrary. Nuclear hydrogenated products of these
may be suitably used. The diamine may be used alone or a mixture of at least two diamines may be used. Further, it is
possible to add a small amount of a crosslinking agent such as a triamine, as required. Furthermore, there may be used
a trimethylsilylated diamine, disclosed in "Jikken Kagaku Koza (Courses in Experimental Chemistry), 4th Ed., Vol.28,
Koubunshi Gosei (Polymer Synthesis)", edited by The Chemical Society of Japan and published by Maruzen, p317,
which is a variation of the present process.
[0028]
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[0029] When the diamine is used, a polyamic acid as an intermediate is synthesized firstly. The polyamic acid is a
polyamide having a carboxylic acid in a side chain, which is obtained by reacting a divalent acid anhydride and a divalent
amine in a solvent. The synthesis of the polyamic acid in the present invention is carried out by dissolving a divalent
amine in a solvent and then adding the acid anhydride of the formula (11) to the resultant solution, to react the divalent
amine and the acid anhydride of the formula (11) while dissolving the acid anhydride of the formula (11). In the synthesis,
the mixing order can be reversed. The solvent and reaction conditions for the synthesis of the polyamic acid are not
specially limited. The solvent is preferably an amide solvent such as N,N-dimethylacetamide or N=methyl-2-pyrrolidinone
or an ether solvent such as diethylene glycol dimethyl ether. The reaction temperature is preferably 10 °C to 100 °C.
When the temperature is low, the reaction does not proceed. When the temperature is too high, imidization which is the
next stage partially proceeds, so that the uniformity of a resin is impaired. Generally, the thus-obtained polyamic acid
solution is directly used in the next step, while purification or a concentration adjustment may be carried out before the
next step.
[0030] The obtained polyamic acid solution is air-dried or dropwise added to a poor solvent to remove the solvent,
whereby a solid polyamic acid can be obtained. The solid polyamic acid is heated or chemically treated, whereby the
polyimide of the present invention can be obtained. For example, the polyamic acid solution is cast on a plain surface
and dried to obtain a film, and then the film is heated under an inert gas atmosphere, whereby a film of the polyimide of
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the present invention can be obtained. When the polyimide is obtained by heating, the heating temperature is suitably
50 to 300 °C. The polyimide can be obtained by chemical treatment in place of heating. For example, a polyamic acid
film is immersed in a mixed solution of acetic anhydride and pyridine, whereby a film of the polyimide of the present
invention can be obtained.
[0031] Then, a process using a diisocyanate will be explained. The diisocyanate usable in the present invention is not
specially limited so long as it is a divalent isocyanate. Preferably, there may be used a diisocyanate obtained by replacing
amino groups of any one of the diamines of the formulae (18) to (23) with isocyanate groups. The diisocyanate may be
used alone or a mixture of at least two diisocyanates may be used. Further, it is possible to add a small amount of a
crosslinking agent such as a triisocyanate, as required.
[0032] When the diisocyanate is used, the reaction proceeds in one stage, so that the polyimide is directly generated
without through an intermediate. The reaction conditions for producing the polyimide of the present invention are not
specially limited. The reaction temperature is preferably 50 to 200 °C. A solvent is not specially limited so long as it is
inactive in the reaction. Examples thereof include an amide solvent such as N-methyl-2-pyrrolidinone, a nitrile solvent
such as benzonitrile, a nitro solvent such as nitrobenzene and an ether solvent such as diethylene glycol dimethyl ether.
Further, the reaction can be accelerated by adding a tertiary amine as a catalyst. As described above, the polyimide of
the present invention is produced.
[0033] The acid anhydride of the present invention is remarkably useful as a raw material for a highly-functional polymer
material having a low dielectric constant, a low dielectric loss tangent and a low moisture absorptivity. The highly-
functional polymer material obtained therefrom can be used, as a material excellent in electric characteristics and
moldability, for wide applications such as an electrical insulating material, a molding material, a resin for a copper-clad
laminate, a resin for a resist, a sealing resin for electronic parts, a resin for a color filter of liquid crystal, a coating
composition, various coating agents, an adhesive, a buildup laminate material, a resin for a flexible substrate and a
functional film.
[0034] Examples
[0035] The present invention will be explained more concretely with reference to Examples hereinafter, while the
present invention shall not be specially limited to these Examples. Number average molecular weights and weight
average molecular weights were measured according to the gel permeation chromatography (GPC) method (calculated
as polystyrene). Tetrahydrofuran (THF) was used as a developing solvent for GPC.

(Synthetic Example 1)(Synthesis of bifunctional phenylene ether oligomer)

[0036] A longitudinally long reactor having a volume of 100 liters and equipped with a stirrer, a thermometer, an air-
introducing tube and baffleplates was charged with 4.61 g (20.8 mmol) of CuBr2, 9 g (52 mmol) of N,N’-di-t-butylethyl-
enediamine, 333.8 g (3.3 mol) of n-butyldimethylamine and 26 kg of toluene. The components were stirred at a reaction
temperature of 40 °C. A mixed solution (molar ratio of a bivalent phenol of the formula (2): a monovalent phenol of the
formula (3) = 1:5) was obtained by dissolving 1.29 kg (4.8 mol) of 2,2’,3,3’,5,5’-hexamethyl-(1,1’-biphenyl)-4,4’-diol (to
be referred to as "HMBP" hereinafter), 2.02 kg (24 mol) of 2,6-dimethylphenol, 6 g (35 mmol) of N,N’-di-t-butylethylen-
ediamine and 129.8 g (1.28 mol) of n-butyldimethylamine in 23 kg of methanol, in advance. The mixed solution was
dropwise added to the mixture in the reactor over 230 minutes while carrying out bubbling with 5.2L/min of a mixed gas
of nitrogen and air which gas had an oxygen concentration of 8 %, and stirring was carried out. After the completion of
the addition, 1.5 kg of water in which 236 g (623 mmol) of tetrasodium ethylenediamine tetraacetate was dissolved was
added to the stirred mixture to terminate the reaction. An aqueous layer and an organic layer were separated. Then, the
organic layer was washed with 1.0N hydrochloric acid aqueous solution and then washed with pure water. The thus-
obtained solution was concentrated by an evaporator and then dried under a reduced pressure, to obtain 2.95 kg of a
resin A represented by the formula (1). The resin A had a number average molecular weight of 1,068 and a weight
average molecular weight of 1,736.
[0037] (Example 1) (Synthesis of acid anhydride)

[Synthesis of phthalimide]

[0038] A 500-ml reactor equipped with a stirrer, a thermometer, a Dean-Stark trap, a reflux tube and a nitrogen line
was charged with 15.99 g of the resin A, and nitrogen replacements were carried out with three times. Then, 100 ml of
dimethyl sulfoxide, 90 ml of toluene and 2.58 g (NaOH 0.032 mol) of 50% sodium hydroxide aqueous solution were
added and the resultant mixture was refluxed under heat under nitrogen for 7 hours. During the refluxing, 7 ml of water
was distilled off. Thereafter, 57 ml of toluene was distilled off over 40 minutes, and the heating was terminated at the
time when the temperature of the reaction liquid came to 145 °C. The reaction liquid was allowed to cool down to room
temperature. 8.56 g (0.032 mol) of N-phenyl-4-nitrophthalimide was added to the reaction liquid, and the mixture was
stirred under heat at 60 °C for 3 hours. After the completion of the reaction, the reactor was allowed to cool, 3 ml of
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acetic acid was added, then, 200 ml of water was added, and the mixture was sufficiently stirred. A precipitated solid
was filtered, washed with 30 ml of acetonitrile three times and air-dried, to obtain 19.66 g of a resin B having the following
structure. The resin B had a number average molecular weight of 1,398 and a weight average molecular weight of 2,205.
The structure was confirmed by a nuclear magnetic resonance spectrum and an infrared spectrum.

(Synthesis of amic acid)

[0039] A 300-ml reactor equipped with a stirrer and a thermometer was charged with 100 ml of tetrahydrofuran, 20
ml of water, 2.96g (NaOH 0.037 mol) of 50% sodium hydroxide aqueous solution and 18.02 g of the resin B, and the
mixture was stirred under heat at 40 - 44 °C. 6 hours later, the heating was terminated, and the reactor was allowed to
stand overnight. The reaction liquid was poured to dilute hydrochloric acid (35 % hydrochloric acid : water = 10 : 45, 165
ml), to precipitate a solid. The solid was filtered, washed with water and air-dried, and then, the solid was washed with
30 ml of acetonitrile and air-dried, to obtain 18.07 g of a resin C having the following structure. The structure was confirmed
bya nuclear magnetic resonance spectrum and an infrared spectrum.

(Synthesis of acid anhydride)

[0040] A 200-ml reactor equipped with a stirrer, a thermometer and a reflux tube was charged with 30 ml of acetic
acid and 0.53 g (0.0052mol) of acetic anhydride, and the mixture was stirred under heat at 90 °C. 1.00 g of the resin C
was added at the time when the temperature of the reaction liquid came to 90 °C, and then the resultant reaction liquid
was further heated and refluxed. The heating was terminated after 10 minutes from the start of the refluxing under heat,
and the reaction liquid was cooled down to room temperature. A precipitate was separated by filtration to obtain 0.20 g
of an acid anhydride D having the following structure. The acid anhydride D had a number average molecular weight of
2,643 and a weight average molecular weight of 3,841. The structure was confirmed by a nuclear magnetic resonance
spectrum and an infrared spectrum.

[0041] Figs.1 to 3 show the IR spectrums of the compounds obtained in Example 1.
[0042] Figs.4 to 6 show the NMR spectrums of the compounds obtained in Example 1.
[0043] The present invention 2 will be explained more concretely with reference to Examples hereinafter.
[0044] A number average molecular weight and a weight average molecular weight were measured according to the
gel permeation chromatography (GPC) method (calculated as polystyrene). Tetrahydrofuran (THF) was used as a
developing solvent for GPC. A hydroxyl group equivalent was obtained by quantification of a terminal by means of
titration. A glass transition temperature was obtained according to the DSC method. A dielectric constant was calculated
from an impedance value obtained with an impedance analyzer.
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[0045] (Synthesis of bifunctional phenylene ether oligomer)

(Synthetic Example 2)

[0046] Synthetic Example 1 was repeated to obtain 2.95 kg of a resin A’ represented by the formula (1). The resin A’
had a number average molecular weight of 957, a weight average molecular weight of 1,539 and a hydroxyl group
equivalent of 440.

(Synthetic Example 3)

[0047] A longitudinally long reactor having a volume of 12 liters and equipped with a stirrer, a thermometer, an air-
introducing tube and baffleplates was charged with 6.64 g (29.9 mmol) of CuBr2; 1.29 g (7.5 mmol) of N,N’-di-t-butyleth-
ylenediamine, 48.07 g (475.9 mmol) of n=butyldimethylamine and 2,600 g of toluene. The components were stirred at
a reaction temperature of 40 °C. A mixed solution (molar ratio of a bivalent phenol of the formula (2): a monovalent
phenol of the formula (3) = 1:10) was obtained by dissolving 129.32 g (0.48 mol) of HMBP, 584.38 g (4.79 mol) of 2,6-
dimethylphenol, 0.87 g (5.1 mmol) of N,N’-di-t-butylethylenediamine and 18.69 g (185.1 mmol) of n-butyldimethylamine
in 2,300 g of methanol, in advance. The mixed solution was dropwise added to the mixture in the reactor over 230
minutes while carrying out bubbling with 5.2L/min of a mixed gas of nitrogen and air which gas had an oxygen concentration
of 8 %, and stirring was carried out. After the completion of the addition, 1,500 g of water in which 34.09 g (89.7 mmol)
of tetrasodium ethylenediamine tetraacetate was dissolved was added to the stirred mixture to terminate the reaction.
An aqueous layer and an organic layer were separated. Then, the organic layer was washed with 1.0N hydrochloric acid
aqueous solution and then washed with pure water. The thus-obtained solution was concentrated by an evaporator and
then dried under a reduced pressure, to obtain 702.2 g of a resin E represented by the formula (9) . The resin E had a
number average molecular weight of 1,490, a weight average molecular weight of 2,320 and a hydroxyl group equivalent
of 750.

(Synthetic Example 4)

[0048] A longitudinally long reactor having a volume of 12 liters and equipped with a stirrer, a thermometer, an air-
introducing tube and baffleplates was charged with 9.36 g (42.1 mmol) of CuBr2, 1.81 g (10.5 mmol) of N,N’-di-t-
butylethylenediamine, 67.77 g (671.0 mmol) of n-butyldimethylamine and 2,600 g of toluene. The components were
stirred at a reaction temperature of 40 °C. A mixed solution (molar ratio of a bivalent phenol of the formula (2): a monovalent
phenol of the formula (3) = 1:15) was obtained by dissolving 129.32 g (0.48 mol) of HMBP, 878.4 g (7.2 mol) of 2,6-
dimethylphenol, 1.22 g (7.2 mmol) of N,N’-di-t-butylethylenediamine and 26.35 g (260.9 mmol) of n-butyldimethylamine
in 2,300 g of methanol, in advance. The mixed solution was dropwise added to the mixture in the reactor over 230
minutes while carrying out bubbling with 5.2L/min of a mixed gas of nitrogen and air which gas had an oxygen concentration
of 8 %, and stirring was carried out. After the completion of the addition, 1,500 g of water in which 48.06 g (126.4 mmol)
of tetrasodium ethylenediamine tetraacetate was dissolved was added to the stirred mixture to terminate the reaction.
An aqueous layer and an organic layer were separated. Then, the organic layer was washed with 1N hydrochloric acid
aqueous solution and then washed with pure water. The thus-obtained solution was concentrated by an evaporator and
then dried under a reduced pressure, to obtain 990.1 g of a resin F represented by the formula (9) . The resin F had a
number average molecular weight of 1,975, a weight average molecular weight of 3,514 and a hydroxyl group equivalent
of 990.

(Synthesis Example 5)

[0049] A longitudinally long reactor having a volume of 20 liters and equipped with a stirrer, a thermometer, an air-
introducing tube and baffleplates was charged with 13 g (0.12 mol) of CuCl, 707 g (5.5 mol) of di-n-butylamine and 4,
000 g of methyl ethyl ketone. The components were stirred at a reaction temperature of 40 °C. A solution (molar ratio
of a bivalent phenol of the formula (10) : a monovalent phenol of the formula (3) = 1:5) was obtained by dissolving 410
g (1.6 mol) of 4,4’-methylenebis(2,6-dimethylphenol) and 977 g (8 mol) of 2, 6-dimethylphenol in 8, 000 g of methyl ethyl
ketone, in advance. The solution was dropwise added to the mixture in the reactor over 120 minutes while carrying out
bubbling with 2L/min of air. After the completion of the addition, further, stirring was carried out for 60 minutes with
continuing the bubbling with 2L/min of air. A disodium dihydrogen ethylenediamine tetraacetate aqueous solution was
added to the stirred mixture to terminate the reaction. Then, washing was carried out with 1N hydrochloric acid aqueous
solution three times and then washing was carried out with ion-exchanged water. The thus-obtained solution was con-
centrated by an evaporator and then dried under a reduced pressure, to obtain 1,102 g of a resin G represented by the
formula (9) . The resin G had a number average molecular weight of 1,023, a weight average molecular weight of 1,647
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and a hydroxyl group equivalent of 445.
[0050] (Synthesis of acid anhydride)

(Example 2)

[0051] A 200-ml reactor equipped with a stirrer, a thermometer, a dropping funnel and a reflux tube was charged with
6.31 g (0.03 mol) of trimellitic anhydride chloride and 40 g of toluene. The mixture was stirred under heat at 70 °C under
nitrogen, and 8.7 g (hydroxyl group 0.019 mol) of the resin A’, 0.95 g of pyridine and 80 g of toluene charged in the
dropping funnel were dropwise added over 1 hour. After the completion of the dropwise addition, the mixture was further
heated and refluxed for 2 hours. After the completion of the reaction, the reactor was cooled by ice bath, precipitated
trimellitic anhydride chloride and pyridine hydrochloride were removed by filtration, and the filtrate was subjected to
evaporation and drying under a reduced pressure, to obtain 11.6 g of an acid anhydride H represented by the formula
(11) . The acid anhydride H had a number average molecular weight of 1,243 and a weight average molecular weight
of 2,582. The structure was confirmed by a nuclear magnetic resonance spectrum and an infrared spectrum.

(Example 3)

[0052] A 300-ml reactor equipped with a stirrer, a thermometer, a dropping funnel and a reflux tube was charged with
3.15 g (0.015 mol) of trimellitic anhydride chloride and 30 g of toluene. The mixture was stirred under heat at 70 °C under
nitrogen, and 7.35 g (hydroxyl group 0.01 mol) of the resin E, 1.20 g of pyridine and 80 g of toluene charged in the
dropping funnel were dropwise added over 1 hour. After the completion of the dropwise addition, the mixture was further
heated and refluxed for 2 hours. After the completion of the reaction, the reactor was cooled by ice bath, precipitated
trimellitic anhydride chloride and pyridine hydrochloride were removed by filtration, and the filtrate was subjected to
evaporation and drying under a reduced pressure, to obtain 6.91 g of an acid anhydride I represented by the formula
(11) . The acid anhydride I had a number average molecular weight of 1,778 and a weight average molecular weight of
3,644. The structure was confirmed by a nuclear magnetic resonance spectrum and an infrared spectrum.

(Example 4)

[0053] A 100-ml reactor equipped with a stirrer, a thermometer, a dropping funnel and a reflux tube was charged with
0.63 g (0.003 mol) of trimellitic anhydride chloride and 5 g of toluene. The mixture was stirred under heat at 70 °C under
nitrogen, and 2.05 g (hydroxyl group 0.002 mol) of the resin F, 0.25 g of pyridine and 20 g of toluene charged in the
dropping funnel were dropwise added over 1 hour. After the completion of the dropwise addition, the mixture was further
heated and refluxed for 2 hours. After the completion of the reaction, the reactor was cooled by ice bath, precipitated
trimellitic anhydride chloride and pyridine hydrochloride were removed by filtration, and the filtrate was subjected to
evaporation and drying under a reduced pressure, to obtain 2.11 g of an acid anhydride J represented by the formula
(11) . The acid anhydride J had a number average molecular weight of 2, 243 and a weight average molecular weight
of 5,487. The structure was confirmed by a nuclear magnetic resonance spectrum and an infrared spectrum.

(Example 5)

[0054] A 300-ml reactor equipped with a stirrer, a thermometer, a dropping funnel and a reflux tube was charged with
6.31 g (0.03 mol) of trimellitic anhydride chloride and 50 g of toluene. The mixture was stirred under heat at 70°C under
nitrogen, and 8.53 g (hydroxyl group 0.019 mol) of the resin G, 2.41 g of pyridine and 80 g of toluene charged in the
dropping funnel were dropwise added over 1 hour. After the completion of the dropwise addition, the mixture was further
heated and refluxed for 2 hours. After the completion of the reaction, the reactor was cooled by ice bath, precipitated
trimellitic anhydride chloride and pyridine hydrochloride were removed by filtration, and the filtrate was subjected to
evaporation and drying under a reduced pressure, to obtain 9.53 g of an acid anhydride K represented by the formula
(11). The acid anhydride K had a number average molecular weight of 1,446 and a weight average molecular weight of
2,861. The structure was confirmed by a nuclear magnetic resonance spectrum and an infrared spectrum.
[0055] Figs.7 to 10 show the IR spectrums of the compounds obtained in Examples 2 to 5.
[0056] Figs. 11 to 14 show the NMR spectrums of the compounds obtained in Examples 2 to 5.

(Example 6)

[0057] A 2-liter reactor equipped with a stirrer, a thermometer, a dropping funnel, a reflux tube and a nitrogen line was
charged with 63.8 g (0. 30 mol) of trimellitic anhydride chloride and 442.4 g of tetrahydrofuran (THF) under nitrogen,
and the mixture was cooled by ice bath. The reaction mixture was stirred under nitrogen at 5 °C or lower, and 95.0 g
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(hydroxyl group 0.20 mol) of the resin A’, 24.6 g (0.31 mol) of pyridine and 889.4 g of THF charged in the dropping funnel
were dropwise added over 150 minutes. After the completion of the dropwise addition, the reaction mixture was stirred
at room temperature for 15 hours and at 40 °C for 10 hours. After the completion of the reaction, the reaction mixture
was cooled by ice, precipitated trimellitic anhydride chloride and pyridine hydrochloride were removed by filtration, and
the solvent was distilled off from the filtrate, to obtain 162.9 g of a solid. 651.8 g of toluene was added to the solid and
the mixture was stirred for one night. Then, undissolved contents were separated by filtration, and the solvent was
distilled off from the filtrate to obtain 143.0 g of a solid. 429.2 g of toluene was added to the solid to dissolve the solid,
and then the resultant solution was cooled by ice. A small amount of precipitate was separated by filtration with a 0.5-Pm
membrane filter. Then, the solvent was distilled off from the filtrate to obtain 126.8 g of an acid anhydride L represented
by the formula (11). The acid anhydride L had a number average molecular weight of 1,888 and a weight average
molecular weight of 3,818. Fig.15 shows the IR spectrum of the acid anhydride L and Fig.16 shows the NMR spectrum
of the acid anhydride L.
[0058] (Synthesis of polyimide)

(Example 7)

[0059] The atmosphere in a 500-ml reactor equipped with a stirrer, a reflux tube, a thermometer and a nitrogen line
was replaced with nitrogen. Then, the reactor was charged with 18.64 g of the acid anhydride L and 180.23 g of N-
methyl-2-pyrrolidinone, and 1.72 g of tolylene diisocyanate (supplied by Nippon Polyurethane Industry Co., Ltd., Coronate
T80) was dropwise added. After the completion of the dropwise addition, the mixture was stirred under heat at 115 °C
under nitrogen. 6 hours later, heating was terminated and the mixture was cooled down to room temperature. The
reaction mixture was dropwise added to 1L of methanol to obtain a precipitate. Then, the precipitate was separated by
filtration, and then, vacuum drying (60°C) was carried out to obtain 17.88 g of a polyimide M. The polyimide M had a
weight average molecular weight of 43,000 and a glass transition temperature of 236 °C. Further, 2.68 g of the polyimide
M was dissolved in 30 g of chloroform, a cast film was prepared using a 15-cm square cast board (chrome plated mirror
finish board), and the cast film was measured for a dielectric constant. The dielectric constant (ε) of the polyimide M
was 2.77 (1MHz).

(Example 8)

[0060] The atmosphere in a 500-ml reactor equipped with a stirrer, a reflux tube, a thermometer and a nitrogen line
was replaced with nitrogen. Then, the reactor was charged with 17.96 g of the acid anhydride L, 171.23 g of N-methyl-
2-pyrrolidinone, and 2.38 g of methylenediphenyl=4, 4’ -diisocyanate (supplied by Nippon Polyurethane Industry Co.,
Ltd., Millionate MT). The mixture was stirred under heat at 115 °C under nitrogen. 6 hours later, heating was terminated
and the mixture was cooled down to room temperature. The reaction mixture was dropwise added to 1L of methanol to
obtain a precipitate. Then, the precipitate was separated by filtration and vacuum drying (60°C) was carried out to obtain
18.22 g of a polyimide N. The polyimide N had a weight average molecular weight of 41,000 and a glass transition
temperature of 231 °C. Further, 2.66 g of the polyimide N was dissolved in 30 g of chloroform, a cast film was prepared
using a 15-cm square cast board (chrome plated mirror finish board), and the cast film was measured for a dielectric
constant. The dielectric constant (ε) of the polyimide N was 2.75 (1MHz)

(Example 9)

[0061] The atmosphere in a 300-ml reactor equipped with a stirrer, a thermometer and a nitrogen line was replaced
with nitrogen. Then, the reactor was charged with 1.95 g of 4,4’-diaminodiphenyl ether and 150 ml of dimehtyl acetamide.
18.40 g of the acid anhydride L was poured to the mixture at room temperature under nitrogen. Then, the resultant
mixture was heated up to 80 °C and stirred for 8 hours. The mixture was cooled down to room temperature. The reaction
mixture was applied to a glass plate surface and the applied reaction mixture was dried in air at 80°C for 20 minutes, at
150 °C for 20 minutes and at 200 °C for 20 minutes. Then, it was heat-treated at 300 °C for 1 hour under nitrogen to
obtain a film of a poylimide O. The polyimide O had a weight average molecular weight of 51,000 and a glass transition
temperature of 233 °C. The dielectric constant (ε) of the polyimide O was 2.79 (1MHz). Fig.17 shows the IR spectrum
of the polyimide O.

(Example 10)

[0062] The atmosphere in a 300-ml reactor equipped with a stirrer, a thermometer and a nitrogen line was replaced
with nitrogen. Then, the reactor was charged with 3.38 g of 4,4’-diaminodiphenyl ether and 150 ml of dimehtyl acetamide.
9.66 g of the acid anhydride L and 2.57 g of pyromellitic anhydride were poured to the mixture at room temperature
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under nitrogen. Then, the reaction mixture was heated up to 80 °C and stirred under heat for 9 hours, and then, the
reaction mixture was cooled down to room temperature. The reaction mixture was applied to a glass plate surface and
the applied reaction mixture was dried in air at 80°C for 15 hours. Then, it was heat-treated at 300 °C for 1 hour under
nitrogen to obtain a film of a poylimide P. The polyimide P had a weight average molecular weight of 46,000 and a glass
transition temperature of 270 °C. The dielectric constant (e) of the polyimide P was 2.95 (1MHz). Fig.18 shows the IR
spectrum of the polyimide P.

(Example 11)

[0063] The atmosphere in a 200-ml reactor equipped with a stirrer, a thermometer and a nitrogen line was replaced
with nitrogen. Then, the reactor was charged with 2.05 g of 4,4’-diaminodiphenyl ether and 40 ml of dimehtyl acetamide.
1.18 g of the acid anhydride L and 2.14 g of pyromellitic anhydride were poured to the mixture at room temperature
under nitrogen. Then, the reaction mixture was stirred at room temperature for 4 hours. Then, the reaction mixture was
applied to a glass plate surface and the applied reaction mixture was dried in air at 80°C for 2 hours. Then, it was heat-
treated at 300 °C for 1 hour under nitrogen to obtain a film of a poylimide Q. The polyimide Q had a weight average
molecular weight of 40,000 and a glass transition temperature of 354 °C. The dielectric constant (ε) of the polyimide Q
was 3.30 (1MHz).

(Example 12)

[0064] The atmosphere in a 300-ml reactor equipped with a stirrer, a thermometer and a nitrogen line was replaced
with nitrogen. Then, the reactor was charged with 2.02 g of p-phenylenediamine and 150 ml of dimehtyl acetamide.
10.83 g of the acid anhydride L and 2.82 g of pyromellitic anhydride were poured to the mixture at room temperature
under nitrogen. Then, the reaction mixture was heated up to 80 °C and stirred under heat for 7 hours, and then, the
reaction mixture was cooled down to room temperature. The reaction mixture was applied to a glass plate surface and
the applied reaction mixture was dried in air at 80°C for 17 hours. Then, it was heat-treated at 300 °C for 1 hour under
nitrogen to obtain a film of a poylimide R. The polyimide R had a weight average molecular weight of 44,000 and a glass
transition temperature of 262 °C. The dielectric constant (ε) of the polyimide R was 2.88 (1MHz).

(Example 13)

[0065] The atmosphere in a 300-ml reactor equipped with a stirrer, a thermometer and a nitrogen line was replaced
with nitrogen. Then, the reactor was charged with 2.29 g of p-phenylenediamine, 40 ml of dimehtyl acetamide, 0.10 g
of triethylamine and 120 ml of γ=butyrolactone. 8.77 g of the acid anhydride L and 3.71 g of cyclohexanetetracarboxylic
dianhydride were poured to the mixture at room temperature under nitrogen. Then, the reaction mixture was heated up
to 180 °C and stirred under heat for 6 hours, and then, the reaction mixture was cooled down to room temperature. The
reaction mixture was applied to a glass plate surface and the applied reaction mixture was dried in air at 80°C for 15
hours. Further, it was heat-treated at 300 °C for 1 hour under nitrogen to obtain a film of a poylimide S. The polyimide
S had a weight average molecular weight of 51,000 and a glass transition temperature of 266 °C. The dielectric constant
(ε) of the polyimide S was 2.85 (1MHz).
[0066] Typically, -(Y-O)- in the above formulae is a moiety of the formula (3) or a random arrangement of from 2 to
10, preferably 2 to 5, more preferably 2 to 3 moieties of the formula (3). Preferably, -(Y-O)- is a moiety of the formula
(6) or (7) or a mixture of moieties of the formula (6) and formula (7).
[0067] Typically, the diisocyanates used in the preparation of the polyimides of the invention are compounds which
correspond to compounds of the formulae (18) to (22), wherein the amine groups present in those compounds are
replaced with isocyanate groups.

Claims

1. An acid anhydride of the formula (4),
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wherein:

- the anhydride moieties are each attached to the rest of the molecule at the 3- or 4- position;
- -O-X-O- represents a moiety of the formula (2),

in which R1, R2, R3, R7 and R8 are the same or different and represent a halogen atom, a C1-C6 alkyl group or
a phenyl group and R4, R5 and R6 are the same or different and represent a hydrogen atom, a halogen atom,
a C1-C6 alkyl group or a phenyl group;
- -[Y-O]- is a moiety of the formula (3) or a random arrangement of at least two moieties of the formula (3),

in which R9 and R10 are the same or different and represent a halogen atom, a C1-C6 alkyl group or a phenyl
group and R11 and R12 are the same or different and represent a hydrogen atom, a halogen atom, a C1-C6 alkyl
group or a phenyl group; and
- a and b are the same or different and each represent an integer of 0 to 30, provided that at least one of a and
b is not 0,

the acid anhydride having a number average molecular weight of from 790 to 3300.

2. An acid anhydride according to claim 1, wherein -O-X-O- is a moiety of the formula (5) and -[Y-O]- is a moiety of
the formula (6) or the formula (7) or a random arrangement of at least two moieties of the formula (6) and the formula
(7).
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3. An acid anhydride according to claim 1 or 2, wherein at least one -[Y-O]- is a moiety of the formula (7), as defined
in claim 2.

4. An acid anhydride according to claim 3, wherein each -[Y-O]- is a moiety of the formula (7).

5. An acid anhydride according to any one of claims 1 to 4, which has the formula (8)

wherein -[Y-O]-, -O-X-O-, a and b are as defined in any one of claims 1 to 4.

6. An acid anhydride of the formula (11),

wherein:

- -(O-X-O)- represents a moiety of the formula (2) or a moiety of the formula (10)
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wherein R1 to R8 are as defined in claim 1 or 2 and R13, R14, R19 and R20 are the same or different and each
represent a halogen atom, a C1-C6 alkyl group or a phenyl group, R15, R16, R17 and R18 are the same or different
and each represent a hydrogen atom, a halogen atom, a C1-C6 alkyl group or a phenyl group and A is a linear,
branched or cyclic C1-C20 hydrocarbon group;
- -(Y-O)- is a moiety of the formula (3) or a random arrangement of at least two moieties of the formula (3),

wherein R9 to R12 are as defined in any one of claims 1 to 3;
- Z is an organic group having at least one carbon atom which organic group may contain an oxygen atom, a
nitrogen atom, a sulfur atom or a halogen atom;
- a and b are the same or different and are as defined in claim 1;
- c and d are the same or different and each represent 0 or 1; and
- n is an integer of 0 to 10,

the acid anhydride having a number average molecular weight of from 800 to 6600.

7. An acid anhydride according to claim 6, wherein -(O-X-O)- is a moiety of the formula (5) or the formula (12) and -(Y-
O)- is as defined in claim 2, 3 or 4,
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wherein R11 and R14 represent a hydrogen atom or a methyl group and A is a linear, branched or cyclic C1-C20
hydrocarbon.

8. An acid anhydride according to claim 6 or 7, wherein -(Z=O)= represents -[(CH2)i-O]j-, -[(CH2)-CHR21)i-O]j- or
-[(CH3-Ar)i-O]j-, wherein i is from 1 to 8, j is from 1 to 6, each R21 is the same or different and represents hydrogen,
methyl or ethyl and Ar represents a C6-C10 aryl group.

9. A polyimide obtainable by reacting (a) an acid anhydride according to any one of the preceding claims or a mixture
of bifunctional acid anhydrides which contains at least one acid anhydride according to any one of the preceding
claims with (b) a diamine or a diisocyanate.

10. A polyimide according to claim 9, wherein said mixture comprises a bifunctional acid anhydride other than the acid
anhydrides of the formulae (4) and (11), as defined in claims 1 and 6.

11. A polyimide according to claim 10, wherein said bifunctional acid anhydride other than the acid anhydrides of the
formulae (4) and (11) is a pyromellitic anhydride derivative or a cyclohexanetetracarboxylic anhydride derivative.

Patentansprüche

1. Ein Säureanhydrid mit der Formel (4),

wobei:

- die Anhydridanteile jeweils an dem Rest des Moleküls an der 3- oder 4-Position befestigt sind;
- -O-X-O- für einen Anteil mit der Formel (2) steht,

worin R1, R2, R3, R7 und R8 gleich oder verschieden sind und für ein Halogenatom, eine C1-C6-Alkylgruppe
oder eine Phenylgruppe stehen und R4, R5 und R6 gleich oder verschieden sind und für ein Wasserstoffatom,
ein Halogenatom, eine C1-C6-Alkylgruppe oder eine Phenylgruppe stehen;
- -[Y-O]- ein Anteil mit der Formel (3) oder eine willkürliche Anordnung von wenigstens zwei Anteilen mit der
Formel (3) ist,
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worin R9 und R10 gleich oder verschieden sind und für ein Halogenatom, eine C1-C6-Alkylgruppe oder eine
Phenylgruppe stehen und R11 und R12 gleich oder verschieden sind und für ein Wasserstoffatom, ein Halo-
genatom, eine C1-C6-Alkylgruppe oder eine Phenylgruppe stehen; und
- a und b gleich oder verschieden sind und jeweils für eine ganze Zahl von 0 bis 30 stehen, unter der Voraus-
setzung, dass wenigstens einer von a und b nicht 0 ist,

wobei das Säureanhydrid ein Zahlenmittel-Molekulargewicht von 790 bis 3.300 aufweist.

2. Ein Säureanhydrid gemäß Anspruch 1, wobei -O-X-O- ein Anteil mit der Formel (5) ist und -[Y-O]- ein Anteil mit der
Formel (6) oder der Formel (7) oder eine willkürliche Anordnung von wenigstens zwei Anteilen mit der Formel (6)
und der Formel (7) ist

3. Ein Säureanhydrid gemäß Anspruch 1 oder 2, wobei wenigstens ein -[Y-O]- ein Anteil mit der Formel (7), wie er in
Anspruch 2 definiert wird, ist.

4. Ein Säureanhydrid gemäß Anspruch 3, wobei jedes -[Y-O]- ein Anteil mit der Formel (7) ist.

5. Ein Säureanhydrid gemäß irgendeinem der Ansprüche 1 bis 4, welches die Formel (8) aufweist,

wobei -[Y-O]-, -O-X-O-, a und b wie in irgendeinem der Ansprüche 1 bis 4 definiert sind.

6. Ein Säureanhydrid mit der Formel (11),
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wobei:

- -(O-X-O)- für einen Anteil mit der Formel (2) oder einen Anteil mit der Formel (10) steht,

worin R1 bis R8 wie in Anspruch 1 oder 2 definiert sind und R13, R14, R19 und R20 gleich oder verschieden sind
und jeweils für ein Halogenatom, eine C1-C6-Alkylgruppe oder eine Phenylgruppe stehen, R15, R16 R17 und
R18 gleich oder verschieden sind und jeweils für ein Wasserstoffatom, ein Halogenatom, eine C1-C6-Alkylgruppe
oder eine Phenylgruppe stehen und A eine lineare, verzweigte oder zyklische C1-C20-Kohlenwasserstoffgruppe
ist;
- -(Y-O)- ein Anteil mit der Formel (3) oder eine willkürliche Anordnung von wenigstens zwei Anteilen mit der
Formel (3) ist,

wobei R9 bis R12 wie in irgendeinem der Ansprüche 1 bis 3 definiert sind;
- Z eine organische Gruppe mit wenigstens einem Kohlenstoffatom ist, wobei die organische Gruppe ein Sau-
erstoffatom, ein Stickstoffatom, ein Schwefelatom oder ein Halogenatom enthalten kann;
- a und b gleich oder verschieden sind und wie in Anspruch 1 definiert sind;
- c und d gleich oder verschieden sind und jeweils für 0 oder 1 stehen; und
- n eine ganze Zahl von 0 bis 10 ist,

wobei das Säureanhydrid ein Zahlenmittel-Molekulargewicht von 800 bis 6.600 aufweist.

7. Ein Säureanhydrid gemäß Anspruch 6, wobei -(O-X-O)- ein Anteil mit der Formel (5) oder der Formel (12) ist und
-(Y-O)- wie in Anspruch 2, 3 oder 4 definiert ist,
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 wobei R11 und R14 für ein Wasserstoffatom oder eine Methylgruppe stehen und A ein linearer, verzweigter oder
zyklischer C1-C20-Kohlenwasserstoff ist.

8. Ein Säureanhydrid gemäß Anspruch 6 oder 7, wobei -(Z-O)- für -[(CH2)i-O]j-, -[(CH2)-CHR21)i-O]j- oder
-[(CH2-Ar)i-O]j- steht, wobei i von 1 bis 8 ist, j von 1 bis 6 ist, R21 jeweils gleich oder verschieden ist und für Wasserstoff,
Methyl oder Ethyl steht und Ar für eine C6-C10-Arylgruppe steht.

9. Ein Polyimid, das erhältlich ist durch Umsetzen (a) eines Säureanhydrids gemäß irgendeinem der vorhergehenden
Ansprüche oder einer Mischung von bifunktionalen Säureanhydriden, welche wenigstens ein Säureanhydrid gemäß
irgendeinem der vorhergehenden Ansprüche enthält, mit (b) einem Diamin oder einem Düsocyanat.

10. Ein Polyimid gemäß Anspruch 9, wobei die Mischung ein bifunktionales Säureanhydrid, das von den Säurenanhy-
driden mit den Formeln (4) und (11), wie sie in den Ansprüche 1 und 6 definiert sind, verschieden ist, umfasst.

11. Ein Polyimid gemäß Anspruch 10, wobei das bifunktionale Säureanhydrid, das von den Säureanhydriden mit den
Formeln (4) und (11) verschieden ist, ein Pyromellithsäureanhydrid-Derivat oder ein Cyclohexantetracarbonsäure-
anhydrid-Derivat ist.

Revendications

1. Anhydride d’acide de formule (4) :

dans laquelle

• chacun des fragments anhydride est relié au reste de la molécule à la position 3 ou 4,
• -O-X-O- représente un fragment de formule (2) :
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dans laquelle R1, R2, R3, R7 et R8 sont identiques ou différents et représentent chacun un atome d’halogène,
un groupe alkyle en C1 à C6 ou un groupe phényle, et R4, R5 et R6 sont identiques ou différents et représentent
chacun un atome d’hydrogène ou d’halogène, un groupe alkyle en C1 à C6 ou un groupe phényle,
• -[Y-O]- représente un fragment de formule (3) ou un arrangement statistique d’au moins deux fragments de
formule (3):

 dans laquelle R9 et R10 sont identiques ou différents et représentent chacun un atome d’halogène, un groupe
alkyle en C1 à C6 ou un groupe phényle, et R11 et R12 sont identiques ou différents et représentent chacun un
atome d’hydrogène ou d’halogène, un groupe alkyle en C1 à C6 ou un groupe phényle, et
• a et b sont identiques ou différents et désignent chacun un entier de 0 à 30, sous réserve qu’au moins l’un
d’entre a et b ne désigne pas la valeur 0,

cet anhydride d’acide présentant une masse moléculaire moyenne en nombre valant de 790 à 3300.

2. Anhydride d’acide selon la revendication 1, où -O-X-O- représente un fragment de formule (5), et -[Y-O]- représente
un fragment de formule (6) ou de formule (7) ou un arrangement statistique d’au moins deux fragments de formule
(6) et de formule (7).
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3. Anhydride d’acide selon la revendication 1 ou 2, où au moins un -[Y-O]-représente un fragment de formule (7)
répondant à la définition indiquée dans la revendication 2.

4. Anhydride d’acide selon la revendication 3, où chaque -[Y-O]- représente un fragment de formule (7).

5. Anhydride d’acide selon l’une quelconques des revendications 1 à 4, qui répond à la formule (8) :

dans laquelle -[Y-O]-, -O-X-O-, a et b répondent aux définitions indiquées dans l’une quelconque des revendications
1 à 4.

6. Anhydride d’acide de formule (11) :

dans laquelle

• -(O-X-O)- représente un fragment de formule (2) ou un fragment de formule (10):
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formules dans lesquelles R1 à R8 répondent aux définitions indiquées dans la revendication 1 ou 2, R13, R14,
R18 et R20 sont identiques ou différents et représentent chacun un atome d’halogène, un groupe alkyle en C1
à C6 ou un groupe phényle, R15, R16, R17 et R18 sont identiques ou différents et représentent chacun un atome
d’hydrogène ou d’halogène, un groupe alkyle en C1 à C6 ou un groupe phényle, et A représente un groupe
hydrocarboné en C1 à C20, linéaire, ramifié ou cyclique,
• -[Y-O]- représente un fragment de formule (3) ou un arrangement statistique d’au moins deux fragments de
formule (3) :

dans laquelle R9 à R12 répondent aux définitions indiquées dans l’une quelconque des revendications 1 à 3,
• Z représente un groupe organique comportant au moins un atome de carbone et pouvant contenir un atome
d’oxygène, d’azote, de soufre ou d’halogène,
• a et b sont identiques ou différents et répondent à la définition indiquée dans la revendication 1,
• c et d sont identiques ou différents et désignent chacun la valeur 0 ou 1, et
• n désigne un entier de 0 à 10,

cet anhydride d’acide présentant une masse moléculaire moyenne en nombre valant de 800 à 6600.

7. Anhydride d’acide selon la revendication 6, où -(O-X-O)- représente un fragment de formule (5) ou de formule (12) :

R11 et R14 représentant un atome d’hydrogène ou un groupe méthyle, et A représentant un groupe hydrocarboné
en C1 à C20, linéaire, ramifié ou cyclique,
et -[Y-O]- répond à la définition indiquée dans la revendication 2, 3 ou 4.
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8. Anhydride d’acide selon la revendication 6 ou 7, où -(Z-O)- représente -[(CH2)i-O]j-, -[(CH2)-(CHR21)i-O]j- ou
-[(CH2Ar)i-O]j-, i valant de 1 à 8, j valant de 1 à 6, les R21 étant identiques ou différents et représentant chacun un
atome d’hydrogène, un groupe méthyle ou un groupe éthyle, et Ar représentant un groupe aryle en C6 à C10.

9. Polyimide que l’on peut obtenir en faisant réagir (a) un anhydride d’acide selon l’une quelconque des revendications
précédentes ou un mélange de dianhydrides d’acide contenant au moins un anhydride d’acide selon l’une quelconque
des revendications précédentes, avec (b) une diamine ou un diisocyanate.

10. Polyimide selon la revendication 9, ledit mélange comprenant un dianhydride d’acide qui est différent des anhydrides
d’acide de formule (4) et de formule (11) répondant aux définitions indiquées dans les revendications 1 et 6.

11. Polyimide selon la revendication 10, ledit dianhydride d’acide différent des anhydrides d’acide de formule (4) et de
formule (11) étant un dérivé d’anhydride pyromellitique ou un dérivé d’anhydride cyclohexane-tétracarboxylique.
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